INTRODUCTION
============

The prevalence of insufficiency fractures of the sacrum increases accompanied with longer life expectancy in the last two decades[@b20-jkns-61-2-258],[@b23-jkns-61-2-258],[@b24-jkns-61-2-258]. Meanwhile lower back pain in elderly patients in combination with osteoporosis leads more often to a fracture of the sacral bone[@b2-jkns-61-2-258]. Accurate diagnosis can often be delayed[@b27-jkns-61-2-258] since lower back pain has many, even competing, reasons. Moreover, the primary diagnostic using a pelvic anterior posterior X-ray overview may lead to a fracture of the anterior pelvic ring, but the sacral fracture and, in particular, the slightly displaced insufficiency fracture of the os sacrum is mostly not recognizable. While pain caused by a lesion of the anterior pelvic ring, subjected to less mechanical stress, shows a good controllability under moderate analgesia, insistent pain caused by the sacral fracture, often with a pain radiation down the dorsal thighs, remains. The pain can be provoked by pressure on the sacroiliac joint. Following clinical guidelines, computed tomography (CT) diagnostic is performed to detect the dimension of the sacral impact. Without treatment only few patients achieve sufficient mobility despite an extended treatment over several weeks[@b2-jkns-61-2-258],[@b27-jkns-61-2-258]. The in-hospital mortality as a consequence of uncontrolled pain and immobility caused by exacerbation of pre-existing comorbidities is about 10%; even higher mortality is reported in the first year, ranging from 12 to 33%[@b2-jkns-61-2-258]. In a more vital Australian collective full independency and complete pain reduction is reported even after nine month[@b11-jkns-61-2-258]. Nevertheless, conservative management with bed rest for 3 to 6 month is usually practiced, which might increase even up to 12 months in case of poor bone healing[@b23-jkns-61-2-258]; this results in accelerated loss of bone mineral density. Costs caused by stationary treatment, surgical and rehabilitative therapy are considerable. As the awareness for this injury is constantly increasing[@b4-jkns-61-2-258], there is a distinct need for a morphological based convenient classification.

MATERIALS AND METHODS
=====================

Between January 1, 2008 and December 31, 2014, 130 consecutive (117 females and 13 males) patients with proven sacral fractures (n=179) which had no or low energy trauma were prospectively examined. Ninety-seven underwent a sacroplasty (S1/S2 vertebroplasty) in local anesthesia. Five females had metachronous surgical stabilization of the ventral pelvic ring by plate osteosynthesis. In four females laminectomy and dorsal stabilization were urgently performed, 29 patients were treated conservatively.

Differentiating between left and right sacral ala involvement, 179 fractures were observed in the collective. Patients were identified in the emergency department when reporting a severe dull pain in the deeper lumbar spine, often with an aggravation while standing or walking and with no improvement under pain medication. Most patients complained about pain radiation to the dorsal thigh, most suffered from newly occurred immobility. A trauma was denied or not recalled, even pain often proceeded for several weeks. Occasionally a trivial movement like a stumble or a fall down on a chair relates with the beginning of complaints.

Diagnostics and fracture classification
---------------------------------------

Patients received a CT scan of the pelvic ring either in consequence of a ventral pelvic ring fractures in X-ray image or, in case of absence of ventral fracture, following severe pressure pain at the sacroiliac joint or of the dorsal os sacrum. In four cases CT was supplemented by magnetic resonance imaging (MRI). Bone bruise was seen in two of them. Images were analyzed in three axial sections from S1 to S3 and in coronal reconstructions. Fracture lines inside these three axial layers were summed up into one central section plane of the sacral bone and transferred into a schema. In the final step, fracture lines reaching the bones surface were pictured in a three-dimensional model with an anterior view on the sacral bone (not part of this analysis).

Group A included fractures of the sacral ala which were assessed to have no or less mechanical importance : fractures with no cortical disruption ("bone bruise") type A1, plastic deformation without an interruption of the anterior cortex and without visible interruption of cancellous bone type A2 and compression fractures of the anterolateral rim of ala type A3 ([Fig. 1](#f1-jkns-61-2-258){ref-type="fig"}). Complete fractures of the sacral ala formed group B : fractures, starting in the anterior cortical bone, proceeded parallel to the sacroiliac joint type B2 and thirdly, when fracture lines were orientated medially, into neural foramina respectively the sacral canal type B3 ([Fig. 2](#f2-jkns-61-2-258){ref-type="fig"}). By derogation from the ala fracture types a third group in the sacral corpus with a center of the fracture medial of the neural foramina was identified as group C : fracture lines starting in the anterior cortical bone continued to the dorsal corpus respectively the dorsal iliosacral joint type C1, or into the neural foramina respectively the sacral canal of one side type C2, horizontal fractures of the corpus with bilateral sagittal completion type C3 ([Figs. 3](#f3-jkns-61-2-258){ref-type="fig"} and [4](#f4-jkns-61-2-258){ref-type="fig"}). Last type was defined as instable.

RESULTS
=======

Patients age ranged from 46 to 98 years with a mean age 79.8 years for female patients (n=117) and 76.9 years for male patients (n=13). Nine patients were younger than 60 years (all females), 26 patients were 90 years and older (all females). Analyzing impact of age, a continuous progress was seen up to the group 81 to 85 years ([Fig. 5](#f5-jkns-61-2-258){ref-type="fig"}). Analyzing the age range, the number of cases increases ([Fig. 6](#f6-jkns-61-2-258){ref-type="fig"}). Seventy-seven patients had a unilateral fracture of one sacral ala. There was no side preference : the right ala was affected 42 times, the left ala 35. In 41 cases synchronous bilateral fractures occurred ([Fig. 7](#f7-jkns-61-2-258){ref-type="fig"}). In 12 patients the center of the fracture was localized central of the neural foramina in the corpus. 53 patients had a simultaneous participation of the anterior pelvic ring. Five of these underwent a surgical stabilization for pain control. According to radiological criteria, older and asymptomatic anterior fractures were found in 38 patients.

Ala fractures without any mechanical significance summed up in group A (n=53). The limitation of the diagnostic method caused an underrepresented proof of bone bruise without a cortical interruption (type A1; n=2). The plastic deformation of osteoporotic cortical and cancellous bone was seen four times (type A2; n=4). Compression fractures of the anterolateral rim of ala were quite usual (type A3; n=47; [Figs. 1](#f1-jkns-61-2-258){ref-type="fig"} and [8](#f8-jkns-61-2-258){ref-type="fig"}). Complete fractures of the ala occurred most frequently (group B; n=106). Fractures exclusively parallel to the sacroiliac joint dominated (type B1; n=63) in this group over fractures involving the sacroiliac joint (type B2; n=19) or reaching into neural foramina respectively the sacral canal (type B3; n=24; [Figs. 2](#f2-jkns-61-2-258){ref-type="fig"} and [8](#f8-jkns-61-2-258){ref-type="fig"}). Sacral corpus fractures represented the smallest group (group C; n=12). Involvement of the dorsal iliosacral joint (type C1; n=3) or the neural foramina respectively the sacral canal of one side was rarely seen (type C2; n=2). The bilateral spinopelvic dissociation dominated (type C3; n=8; [Figs. 3](#f3-jkns-61-2-258){ref-type="fig"}, [4](#f4-jkns-61-2-258){ref-type="fig"} and [8](#f8-jkns-61-2-258){ref-type="fig"}). Most fractures had no involvement of the neural foramina, the spinal canal or the sacroiliac joint : A1, A2, and B1 (n=69). Just as often there were fractures with a participation of the sacroiliac joint : A3, B2, and C1 (n=68). Fractures into the neural foramina and the spinal canal, which could cause passed by sacroplasty polymethyl methacrylate leakage, were seen less frequently (n=34; [Figs. 8](#f8-jkns-61-2-258){ref-type="fig"} and [9](#f9-jkns-61-2-258){ref-type="fig"}).

Four age range of patients were separated : 46 to 64 years, 65 to 74 years, 75 to 84 years and 85 to 98 years. In the first two groups fracture type A3, B1, and B3 were predominant. Simultaneously the instable fracture types were overrepresented. In the last two groups fracture type B3 receded into the background while type A3 and B1 dominated further on. Instable C3-fractures were rare. An explicit aberrance of the fracture type distribution between women and men was not found in our series.

DISCUSSION
==========

Fatigue fractures occur if abnormal stress is applied to bone with a normal elastic resistance, whereas insufficiency fractures are caused by physiological stress applied to bone with deficient elastic resistance[@b27-jkns-61-2-258], when bone metabolism and remodeling capacity decrease according to age and diminished hormone production. Patients are old (mean 76 years up to 88 years) and predominantly females (80% to 93%)[@b1-jkns-61-2-258]--[@b3-jkns-61-2-258],[@b6-jkns-61-2-258],[@b7-jkns-61-2-258],[@b9-jkns-61-2-258],[@b10-jkns-61-2-258],[@b18-jkns-61-2-258],[@b19-jkns-61-2-258],[@b21-jkns-61-2-258],[@b22-jkns-61-2-258],[@b25-jkns-61-2-258],[@b31-jkns-61-2-258]. 78% of the patients show signs of osteoporosis, 22% show osteopenia in dual energy X-ray absorptiometry combined with a substantial vitamin D deficiency[@b2-jkns-61-2-258]. Following Wolff's law, the resistibility of the bone is extenuated four times when bone density is bisected. The adaptation for mechanical stress extinguishes while repair-process still works. The reduction of trabecular bone outranges the reduction of the cortical bone. This explains why, in contrast to the non-osteoporotic post-traumatic fracture of the young, an involvement of the sacral foramina, respectively the sacral canal, is rare. Predisposing factors are primary and secondary osteopenia and osteoporosis (77.6% and 22.4%), often in combination with old age and female gender. Of importance are pelvic irradiation, prolonged corticoid treatment, rheumatoid arthritis, cushing disease, hyperparathyreodism, liver cirrhosis, osteomalacia and multiple myeloma[@b2-jkns-61-2-258],[@b11-jkns-61-2-258]. The stability of the elderly rigid sacroiliac ligaments prevails over the osteoporotic trabecular structure inside the sacral ala. The lateral part of the sacrum including the sacroiliac joint is protected by fracture by these strong ligaments, comparable to the pubic symphysis[@b18-jkns-61-2-258].

The pelvic ring is the strongest and largest osteo-ligament complex in the human body, it allows the repetitive vertical loading from the spine and upper body over the central sacrum to both acetabula. Sacral fractures in patients undergoing a high-energy trauma mean the separation of the key stone of the pelvic ring. They often are followed by hemodynamic instability and neurological impairment[@b18-jkns-61-2-258] that requires urgent surgical stabilization. Notwithstanding with the high-energy trauma, these fractures are only partially connected with fractures of the anterior pelvic ring. Compared to those, sacral insufficiency fractures arise from low-energy trauma, e.g., falling from a low position, chair or bed, or even stumble without a fall[@b2-jkns-61-2-258],[@b22-jkns-61-2-258]. For about half of the patients not remembering a suitable trauma, alternating weight bearing while walking followed by repetitive micro traumata to softened sacral ala might be discussed. Probably the lack of anterior fractures is particularly often found among these patients. Unilateral stress loading for example through ankyloses of hip or sacroiliac joint of by hip endoprothesis seems to be associates with ipsilateral ala fractures[@b18-jkns-61-2-258]. Localization of insufficiency fracture and position of stress load while walking modeled biomechanically are congruent[@b18-jkns-61-2-258]. Cancellous density of the osteoporotic bone is reduced most of all just lateral to the neural foramina, whereas the anterior cortical bone of ala does not undergo excessive thinning as compared to other parts of os sacrum[@b22-jkns-61-2-258]. These areas of greatest cancellous bone loss correspond to the locations of sacral insufficiency fractures according to our collective when corpus fractures were rarely seen.

The displacement in pelvic ring caused by high-energetic trauma is not seen in case of insufficiency fracture with at most mild misalignment that is clinically irrelevant; signs of mechanical instability are not found. Immobilizing pain, even in case of bone bruise respectively micro fracture without visible cortex fracture, dominates[@b24-jkns-61-2-258]. Micro motion inside the fracture under alternating weight loading is interpreted as cause of pain[@b4-jkns-61-2-258].

Morphological descriptions based on CT-imaging and analyzing fracture and fissure localization, uni- and bilateral, with or without displacement, with sacroiliac or dorsal extension have been published[@b22-jkns-61-2-258],[@b24-jkns-61-2-258], bilateral vertical fractures are leading[@b18-jkns-61-2-258],[@b19-jkns-61-2-258], usual both ala are affected[@b27-jkns-61-2-258]. The horizontal fusion trough the corpus of two bilateral vertical ala fractures is interpreted as a progress of insufficiency by continued stress[@b7-jkns-61-2-258],[@b19-jkns-61-2-258],[@b22-jkns-61-2-258], further characterized according to the degree of sagittal angulation[@b27-jkns-61-2-258] and finally similar to spino-pelvic dissociation of jumper's fracture in the younger adult[@b24-jkns-61-2-258]. Radionuclide bone scan show a characteristic H or butterfly shaped pattern of increased uptake[@b9-jkns-61-2-258],[@b10-jkns-61-2-258],[@b12-jkns-61-2-258],[@b31-jkns-61-2-258]. We also found this fracture form on CT images in eight of 130 patients (group C3). Simultaneous dorsal and anterior pelvic ring fractures in adults and elder patients are often a result of a fall on the side in up to 78%[@b1-jkns-61-2-258]--[@b3-jkns-61-2-258]. As in our collective a fall on the side was reported as an exception, less than half of the patients had a participation of the anterior pelvic ring.

In 1964, Judet et al.[@b17-jkns-61-2-258] published a classification system in order to define the pelvic approaches including those to transsacral fractures. In the classification system of pelvic ring fractures of Burgess and Tile respectively in the modified Tile AO Müller classification[@b2-jkns-61-2-258],[@b29-jkns-61-2-258] direction of force transmission, range of instability, fractures and ligamental ruptures were conducted : the transverse distal sacral fracture as a stable lesion of the dorsal arch is included in group A3 and their subtypes. The horizontal instability of B-type pelvic fractures includes also the incomplete disruption (type B1.2) and the incomplete compression in the sacral bone (type B2.1), furthermore, the complete instable C-type injuries with instable sacral disruption unilateral (type C1.3) and in both sides (type C2.3 and C3.3), too. The fractures morphology and localization are without significance, whereas a classification with a definition of the three zones transalar, transforaminal and central was introduced 1988 by Denis, furthermore, transverse, stable and unstable fractures and the rising risk of neurological lesion are differentiated[@b26-jkns-61-2-258]. The subdivision of Denis central fractures by Denis et al.[@b8-jkns-61-2-258] considers the horizontal translation in three types, and was complemented by Strange-Vognsen and Lebech[@b28-jkns-61-2-258]. The lumbo-sacral involvement was added with three types by Isler[@b16-jkns-61-2-258]. These classifications of sacral fractures were developed in a younger adult collective, regularly by analyzing pelvic ring fractures : age ranged from 14 to 53 years, ISS 21 to 59 points, neurological lesion in more than 90%, injuries of bladder, intestinum and genitalia in 63%[@b13-jkns-61-2-258],[@b30-jkns-61-2-258].

The latter classifications also used to classify insufficiency fractures in the past[@b24-jkns-61-2-258]. In our opinion this is insufficient because the morphological aspect is not considered.

Rommens and Hofmann[@b23-jkns-61-2-258] published a classification of insufficiency fractures of the pelvic also including fractures of the sacrum analyzing pelvic fractures of 245 patients : isolated anterior or posterior pelvic fractures as well as their combinations were differentiated taking into account the degree of displacement and the resulting instability. Type IIa included non-displaced isolated sacral fractures (unilateral or bilateral), type IIb a sacral crush and type IIc non-displaced sacral fractures, both with anterior fracture participation. Type III lesions were displaced, only type IIIc with an unilateral sacral fracture. Type IVb is characterized by a spinopelvic dissociation containing a horizontal fracture component. In contrast we saw no type III fractures through lack of displacing forces in the series of insufficiency fractures. Further the type IVa with fracture localization close to the sacroiliac joint was not observed, whereas type IVb met with our type C3. Type II (the undisplaced sacral fracture) corresponded to the fractures of our A and B types that we further differentiated into six subgroups with regard to the fractures localization. The relationship to the neural foramina or corpus was no content of Rommens publications. A comparison of the morphologic similar types IVb versus type C3 (18.4% vs. 4.7%) and type II versus type A/B (51.9% vs. 92.9%) suggests that different collectives were observed.

The origin of our classification arises from the sacroplasty and from fracture types. In our opinion other classification systems, e.g., the by Rommens et al.[@b24-jkns-61-2-258], do not fulfill those requirements because the morphological aspect is not considered. Their classification does not allow a closer view on endangered structures like the neural foramina. However, knowledge of the fracture lines within the os sacrum is necessary and important for sacroplasty indication.

It is generally accepted that intervention, if required, should be taken on a basis of a classification. In our collective, 94 patients received percutaneous sacroplasty in local anesthesia. In line with other study groups, sacroplasty remaines to be one of the most important treatment for the majority[@b5-jkns-61-2-258],[@b14-jkns-61-2-258],[@b15-jkns-61-2-258].

One complication seen in sacroplasty is the leakage of PMMA cement out of fracture lines, wherefore the morphologic relation of sacral fracture lines had to be taken into account related to the sacroiliac joint, the sacral foramina and the spinal canal. These complications were seen in our group in five cases with leakage into sacral foramina (n=3) and through the anterior cortex (n=2). As this complication was not detected in cases without visible cortical break highlights the importance of sufficient fracture line detection and classification.

Knowledge of the exact fracture lines also allows an adjustment of the PMMA cement, the selection of diameter of the canula and the position of the needle. Heo and Park[@b15-jkns-61-2-258] used a large diameter cannula and filler which is also used for vertebroplasty or osteoplasty to perform high viscosity, low pressure injections. Needle or canula location was important for foraminal leakage of PMMA. The tip of the canula being close to the foramen may increase the risk of foraminal PMMA leakage[@b15-jkns-61-2-258]. This may minimize or prevent severe PMMA complications.

Main parameters of the classification system were the cortical break and the fractures' morphology in the sacral bone. Fractures limited to the sacral ala were separated from the central C fractures (type A and B). In type A1 (only seen in MRI) and A2, with impaction and incomplete cortical break, PMMA cement leakage was impossible (or treatment not even required) and spontaneous healing probable. Fracture of the anterolateral rim of the ala, type A3, often had to be treated with sacroplasty; a limited leakage through the anterior cortex was imaginable. Further on, type B fractures represented complete fractures : type B1 was defined by an anterior cortical break as an option of leakage, type B2 with sacroiliac, and type B3 with intrathecal cortex break additionally. Finally the remaining corpus fractures were classified : type C1 without and type C2 with involvement of the cortical border to the neurological structures. The classification was concluding with the unstable type C3 fracture with two sagittal extensions involving the neural foramina and connected by a horizontal lesion that presented a higher risk of open reduction and fixation.

In contrast to the differentiated fracture classifications in young adult sacral insufficiency fractures in elderly---different in origin, bone quality, localization and morphology---are without a classification system regarding the special morphological aspects, especially if sacroplasty will be performed.

CONCLUSION
==========

The new classification allows the differentiation of fractures of less mechanical importance and a risk assessment for possible PMMA leaks during sacroplasty in the direction of the neurological structures. In addition an identification of instable fractures in need for laminectomy and surgical stabilization is possible.
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![A : Type A-fractures of the sacral ala : A1 with bone bruise (MRI) without a visible fracture line in the CT-scan; A2 deformation of the anterior cortical bone without a cortical disruption; and A3 anterolateral rim fracture of the ala with up to 1 cm distance in the direction of the medial sacroiliac joint. B : A1 with bone bruise in MRI; A2 plasticity of the cortical bone; A3 anterolateral fracture of the ala with up to 1 cm distance in the direction of the medial sacroiliac joint (rim fracture). A1 arrow shows bone bruise; A2 arrow shows plastic deformation of the anterior cortex; A3 arrow shows compression fracture of the anteolateral rim of ala.](jkns-61-2-258f1){#f1-jkns-61-2-258}

![A : Type B fractures of the sacral ala : B1 fracture parallel to the sacroiliac joint; B2 fracture involving the sacroiliac joint; and B3 fracture with an involvement of the neural foramina or the spinal canal. B : B1 fracture parallel to the sacroiliac joint; B2 fracture involving the sacroiliac joint; B3 fracture with a participation of two neural foramina. B1 arrows show fracture following the sacroiliac joint; B2 arrows show the fracture process in the ala; B3 arrows show the involvement of two neural foramina.](jkns-61-2-258f2){#f2-jkns-61-2-258}

![A : Type C- or corpus-fractures : C1 fracture moves from anterior cortex dorsally or into the sacroiliac joint; C2 fracture with an unilateral involvement of the neural foramina or the spinal canal; and C3 is unstable and represents bilaterally sagittal fractures combined with a transverse leasion. B : C1 fracture of the corpus with an extension in the anterior direction; C2 and C3 bilateral fracture of the corpus with an involvement of the neural foramina which are connected by a transverse fracture. C1 arrows show the fracture development from anterior to the dorsal cortex; C2 and C3 arrows show the bilateral fracture of the corpus, the arrow in the middle shows the fracture connection by a transverse component.](jkns-61-2-258f3){#f3-jkns-61-2-258}

![Sagittal dislocation of type C3 fracture in magnetic resonance imaging. Arrow shows the horizontal dislocation by the transverse corpus fracture.](jkns-61-2-258f4){#f4-jkns-61-2-258}

![Patient number in the distribution of age groups containing 117 females (average age, 79.8 years) and 13 males (average age, 76.9 years); average age of all of 79.5 years (range, 46 to 98 years).](jkns-61-2-258f5){#f5-jkns-61-2-258}

![Age range of 117 females (average age, 79.8 years) and 13 males (average age, 76.9 years) an average of all of 79.5 years (range, 46 to 99).](jkns-61-2-258f6){#f6-jkns-61-2-258}

![Patient number and distribution of unilateral (unilat.) and bilateral (bilat.) ala fractures (types A and B) as well as of corpus fractures (type C).](jkns-61-2-258f7){#f7-jkns-61-2-258}

![The most frequent fracture was the fracture of the ala parallel to the sacroiliac joint (type B1) followed by the anterolateral ala rim fracture (type A3). There was an involvement of the spinal canal or the neural foramina in 34 cases (B3, C2, and C3). A corpus fracture was seen in 12 cases, thereof eight patients with a combination of transverse and bilateral sagittal fractures (type C3).](jkns-61-2-258f8){#f8-jkns-61-2-258}

![A : Insertion of PMMA-cement near neurological structures does normally not cause a leakage through the cortical bone. B : In rare cases an uninjured dura seems to stop the leakage. Temporary neurological sensations had been reported. C : If fractures reached the ventral border, a ventral passover was possible. Arrow in (A) shows PMMA-cement position inside the ala. Arrow in (B and C) show PMMA-leakage. PMMA : polymethyl methacrylate.](jkns-61-2-258f9){#f9-jkns-61-2-258}
